Regular participation in resistance training is important for older people to maintain their 2 health and independence, yet participation rates are low. The study aimed to identify 3 motivators and barriers to older people participating in resistance training. A systematic review 4 was conducted including quantitative, qualitative and mixed-method studies. Searches 5 generated 15,920 citations from six databases, with 14 studies (n=1,937 participants) included.
The study selection process is presented in Figure 1 . The database searches generated 15,920 23 citations in total. After removing duplicates within and then across the databases, 2,292 24 remained. Studies were first screened by title, then abstract and finally by full-text against the 25 review inclusion criteria. After this process, 13 studies were judged to have met the inclusion 26 Older people strength training: Systematic review 8 criteria. Reference lists of the 13 included studies were then checked, and one additional study 1 was found to meet the criteria. In total 14 articles were therefore included in the review 2 (Damush, Perkins, Mikesky, Roberts, & O'Dea, 2005; Dionigi, 2007; 3 Henwood, Tuckett, Edelstein, & Bartlett, 2011; Keogh, Rice, Taylor, & Kilding, 2014; 4 Kleppinger, Litt, Kulldorff, Unson, & Judge, 2003; Lin, Lee, Modeste, & Johnson, 2012; Litt, 5 Kleppinger, & Judge, 2002; Liu-Ambrose et al., 2005; Lübcke, Martin, & Hellström, 2012; 6 O'Brien, Dodd, & Bilney, 2008; Rydeskog, Frändin, & Hansson 7 Scherman, 2005; Sims-Gould, Miran-Khan, Haggis, & Liu-Ambrose, 2012). 8 The 14 included studies covered three geographical regions, the Americas (n=6) (Bopp, 9 Wilcox, Oberrecht, Kammermann, & McElmurray, 2004; Damush et al., 2005; Kleppinger et 10 al., 2003; Litt et al., 2002; Sims-Gould et al., 2012) , Europe (n=2) 11 and Asia/Australia/New Zealand (n=6) (Dionigi, 12 2007; O'Brien 13 et al., 2008) . Three of the 14 studies were RCTs  14 Litt et al., 2002) . Two of the RCTs used a survey to collect data on motivators and barriers to 15 strength training , and the third RCT used face- 16 to-face visits to obtain self-report follow-up data (Litt et al., 2002) . The four other quantitative 17 studies also used surveys to obtain their data on motivators and barriers 18 Keogh et al., 2014; . Bopp and colleagues (2004) utilized 19 a mixed-method approach including both surveys and focus groups. Six studies utilized a 20 purely qualitative approach: four using interviews (Dionigi, 2007; O'Brien 21 et al., 2008; and two using focus groups Sims-22 Gould et al., 2012) .
23

Study Participants
24
The 14 studies reviewed included 1,937 participants (mean of 223 for the quantitative and 25 mixed-method studies, mean of 25 for the qualitative studies). Study sample sizes ranged from 9 8 to 414 (on-line supplement, Table 1 -3). The average age of the participants was 69.9 years 1 with a range of 50 to 94 years (calculated for the 13 studies where data were available). Six 2 studies included only women Litt 3 et al., 2002; Sims-Gould et al., 2012) , other sample populations included 4 African Americans and Caucasians , older people with knee osteoarthritis 5 , mature age (average age 72 years) Taiwanese students wishing to learn 6 in later life and people with Parkinson's Disease .
7
Quality of Studies 8
Using the risk of bias tool the assessment of potential bias of the three RCT studies (Damush et 9 al., 2005; Litt et al., 2002) indicated that all three studies had a number 10 of methodological weaknesses, particularly in the areas of sequence generation, allocation 11 concealment and blinding, because the information was not available within the articles to 12 assess it fully. The three other areas included in the risk of bias tool (incomplete outcome data, 13 selective reporting and "other" areas not included in the above categories) were all considered 14 to have low risk of bias. Overall, the RCTs were viewed as being low to medium quality 15 studies, because the information in half of the categories required to assess quality were not 16 included in these papers and are considered essential for conducting a high quality RCT (i.e. 17 randomization and blinding processes).
18
The four cross-sectional studies that were not RCTs were rated "fair" in quality because 19 they met at least half of the criteria, however no studies met all of the criteria assessed against.
20
A number of the questions were more relevant to observational cohorts rather than cross-21 sectional studies, and in these cases it was recommended by the quality of study tool designers 22 to report the data as "not applicable." Some data may also have not been included due to 23 journal word limits that did not allow authors to provide all methodological details and in these 24 cases "not reported" was assigned to the assessment question. All the studies had clear research 25 questions and three of the four studies 10 described their study populations adequately. Due to the nature of their study (assessing 1 participant adherence rates and functional improvement in two exercise programs (aerobic and 2 resistance training) over 10 weeks with an additional survey exploring adherence specifically), 3 Picorelli and colleagues (2014) conducted the only study that provided a sample size 4 justification, detailed outcome measures and assessor blinding.
5
The quality of the qualitative studies is presented in accordance with the NICE 6 methodology checklist. The "theoretical approach" (i.e. the approach was appropriate and the 7 studies were clear in what they sought to do), study design (i.e. rigorous methodology used) 8 and methods for collecting data for the qualitative studies (including the mixed-method study, 9 Bopp et al. (2004) ) were very good. The role of the researcher was either not described 10 (Dionigi, 2007; Sims-Gould et al., 2012) or unclear Rydeskog et al., 11 2005) in four studies and the context (participants/setting defined clearly, observations made in 12 sufficient/variety circumstances, context bias considered) was unclear in another three studies 13 Sims-Gould et al., 2012) . The ratings indicated the 14 methods were reliable, data analyzed sufficiently and the data deemed 'rich' in the context of 15 all seven studies. The analysis was reliable for all studies except Dionigi (2007) , in which it 16 was unclear how many researchers coded and derived themes from the data.
17
Six studies presented convincing findings. One study's findings were not rated as being identified in the studies. The list is divided into three sections using the socioecological 3 framework as a guide (McLeroy, Bibeau, Steckler, & Glanz, 1988) . This framework helps to 4 understand whether the motivators or barriers are at the individual, social or environmental 5 level and to better identify strategies that can improve participation in resistance training 6 (Bhatnagar, Shaw, & Foster, 2015) . Overall, 92 motivators and 24 barriers were identified.
7
Each study identified and analyzed motivators and barriers in a different manner. As a result it 8 was not possible to compare these in relation to importance or weighting, therefore the 9 motivators and barriers are reported with reference to the study that identified them and how 10 often they were identified by the included studies.
11
Theoretical Frameworks. 12 Only five of the 14 studies described a theoretical framework. Of the studies that did, studies. Thirteen of the 14 studies identified at least one individual-level motivator. Seven 23 studies found the physical health benefit of experiencing an increase in strength to be the most 24 common motivator Dionigi, 2007; Lübcke et al., 25 2012; Sims-Gould et al., 2012) . The next most frequently described motivators were general health benefits Henwood et 1 al., 2011; , improved balance 2 (Dionigi, 2007; ; Sims-Gould 3 et al., 2012), physical function benefits Dionigi, 2007; Henwood et al., 4 2011; and preventing deterioration 5 Henwood et al., 2011; .
6
The most commonly reported mental health benefits, included being more alert, having 7 better concentration and stimulating the mind Lin et 8 al., 2012; , general mental fitness benefits Dionigi, 9 2007; and improved wellbeing 10 Dionigi, 2007; . Social benefits reported included 11 support from family, spouse, friends and health professionals and feeling a sense of belonging 12 Damush et al., 2005; Lin et al., 13 2012; Litt et al., 2002; Sims-Gould et al., 2012) . Being able to participate 
17
Only four of the studies identified the 18 barriers to participating in strength training 18 . Fifteen 19 different barriers were identified by Bopp and colleagues alone. The most commonly reported 20 barriers included poor health , pain 21 Kleppinger et al., 2003) , tiredness/fatigue and lack 22 of willpower . Two barriers, becoming too muscular and 23 perceived risk of having a heart attack, stroke or death while undertaking resistance training 24 , appeared specific to participating in resistance training and may not be 25 found in general physical activity reviews.
Social Factors.
1 Twelve social motivational factors and two barriers were identified across 13 of the studies, the 2 Kleppinger et al. (2003) study being the only one that did not identify any. The most frequently 3 identified motivator was the gaining of social benefits (also mentioned at an individual level) 4 Dionigi, 2007; O'Brien et al., 5 2008; , followed by social support and encouragement from peers or 6 staff Sims-7 Gould et al., 2012) and giving participants a sense of belonging Lübcke et al., 8 2012; Sims-Gould et al., 2012) . Social support and encouragement from 9 a spouse , family , friends (Damush et 10 al., 2005; or health professionals were 11 each mentioned in one or two studies. Harada and colleagues (2011) found observing others 12 being active was a motivating factor for their participants. Only two social barriers were 13 identified in the included studies: family and/or work obligations/responsibilities and a lack of 14 social support .
15
Environmental Factors. 16 There were 16 environmental motivational factors and four environmental barriers presented 17 across 11 of the studies. Three studies did not include reference to any environmental factors 18 Litt et al., 2002) . The availability of organized 19 exercise was the most common environmental motivating factor 20 Henwood et al., 2011; Sims-Gould et al., 2012) , followed by having 21 access to facilities or equipment Lübcke et al., 22 2012), being able to exercise at their own pace and choose the exercises they want to do (Lin et 23 al., 2012; and going to a specialized "seniors gym" 24 or a facility with a program specific to the population group , such as a 25 program for people with "Parkinson's Disease" . Four environmental barriers to participating in strength training were described in the Bopp and colleagues' (2004) 1 study. These included a lack of availability of exercise facilities, moving away from the area, 2 geographical isolation, and lack of availability of strength training programs designed for older 3 people . No other studies described environmental barriers to participating 4 in strength training. 
24
Having good staff or peer support and social benefits were the most commonly In the present review, exercising at one's own pace, being able to choose which 6 exercises to complete and attending a specialized gym or program such as those for "seniors" 
13
Six studies included only females Lin et al., 14 2012; Litt et al., 2002; Sims-Gould et al., 2012) and there were a number 15 of motivational factors reported specific to these studies. Preventing osteoporosis, increased 16 longevity and strengthening the heart were factors identified by females as were improved 17 concentration, relieving stress, for relaxation and to improve spirituality. Having a social aspect 18 such as because family and friends participate or that they liked group exercise were also 19 included, as was convenient location and attention and supervision by staff  , 2014) . It may be expected therefore that more females would be aware of the disease and 24 the potential bone benefits associated with resistance training and be participating in resistance 25 training for this reason. Gender differences also exist in terms of greater longevity for women (World Health Organization, 2014) , this may also influence the rate of female participation at 1 more advanced ages than males. Only one environmental barrier, a lack of age-appropriate programs, was specific to 10 participating in resistance training. The other three environmental barriers have also been 11 reported in studies identifying motivators and barriers to participating in any type of physical 12 activity, and included a lack of exercise facilities, moved away and living in the country 13 (regional/rural areas) which creates feelings of isolation (Baert et al., 2011; 14 Keogh et al., 2014).
15
There were only three barriers that were not specific to the female only studies. These 16 were living somewhere new (moved away), cost and poor health. All other barriers were found 17 to have been identified only by females due to the majority having been identified in the Bopp 18 and colleagues study, which had a female only study population. Further research is required to 19 identify barriers to resistance training for older males and also those wishing to participate in 20 mixed sessions at centers/gymnasiums (males and females combined). The rigorous approach to conducting the systematic review was a strength of the study, 9 including the use of different tools to assess the quality of the various methods utilized in the 10 included articles. Overall, the methodological quality of the qualitative studies was good while 11 the quality of the RCTs was low to medium and the cross-sectional (quantitative) studies was 12 fair. The main issue identified with the RCTs was a high risk of selection and performance 13 bias. The quality of the cross-sectional studies was somewhat hard to assess as three of the four 14 studies did not use a pre and post data collection design Keogh et al., 15 2014; . Therefore, in accordance with the quality assessment tool used, the 16 evidence provided by these studies was deemed to be fair (US Department of Health and 17 Human Services, 2014).
18
A limitation of the studies included in the review was that participants lived in a limited 19 range of locations and predominantly in Anglo-Saxon countries, particularly North America 20 Damush et al., 2005; Litt et al., 2002; Sims-Gould 21 et al., 2012) and Australia/New Zealand (Dionigi, 2007; Keogh et al., 22 2014; . Only two studies were from Asia Lin et al., 23 2012) and Europe (only Sweden) respectively.
24
The generalizability of the findings to older people living in different countries, and different 25 situations within them, is therefore uncertain. It is possible that other motivators and barriers would be identified by older people living in different cultural, social and geographical 1 contexts. Further research in different settings is required.
2
A second limitation of the review was the focus on the frequency of motivators and 3 barriers mentioned in the included studies, rather than their importance. The 14 studies 4 included in the review presented results in various ways, which limited the ability to determine 5 the relative or absolute importance of each factor per study for this review. Fourteen studies were found that have specifically looked at the motivators and barriers to 9 resistance training in older adults. Large numbers of motivators identified in the studies were 10 also common to studies on physical activity more generally, however some were specific to 11 resistance training. The most frequently identified reasons for commencing and continuing 12 resistance training were health related, such as increasing strength and balance, and improving 13 health and physical function. However, the most important and unique motivators specific to 14 older people participating in resistance training appear to be related to age (longevity), health 15 status and being able to live independently. Examples included preventing deterioration and 16 disability, having the ability to complete daily activities, and decreasing the risk of falling. To 17 increase older people's participation in resistance training, specific barriers need to be 18 overcome. In particular, it appears important to provide more age appropriate programs that 19 allow individuals to choose the type, pace and intensity of the exercises they wish to engage in, 20 especially when they first begin training.
21
It is recommended that health professionals delivering resistance programs to older 22 people, should not only consider promoting the benefits of improved strength but should also 23 focus on improved health and physical functioning, a sense of belonging, feeling more 24 mentally alert and having better concentration. The beliefs that the training will make someone Table 2 Motivators for older people participating in resistance training Table 3 Barriers to older people participating in resistance training
Barriers
Individual-level
Physical
Poor health , risk of injury/pain , pain , tired/fatigue Psychological Lack of willpower , lack of positive attitude , low self-efficacy , lack of enjoyment , too old , fear of looking too muscular , risk of heart attack/stroke/death , emotional problems that interfere with daily living (work, social etc.) nervous/depressed Other Lack of time , lack of knowledge , inconvenient , cost , exercise is not a priority 
Social
Family and/or work obligations/responsibilities , lack of social support )
Environment
Lack of exercise facilities , moved away , geographical location , lack of age appropriate programs Older On-line supplement Table 3 1 Study Characteristics for Interviews On-line supplement Table 6 Quality of qualitative studies Note. + = yes or good, -= no/not good (not described), ? = unclear. 1.1: is qualitative approach appropriate?; 1.2: study clear in what it seeks to do?; 2.1: is research design/methodology rigorous?; 3.1: was data collection carried out well?; 4.1: is the researcher role clearly described?; 4.2:
is context clearly described?; 4.3: were methods reliable?; 5.1: is data analysis rigorous?; 5.2: are the data 'rich'?; 5.3: is the analysis reliable?;
5.4: are findings convincing?; 5.5: are findings relevant to the study?; 5.6: are conclusions adequate?; 6.1: are ethical considerations reported clearly and coherently (National Institute for Health and Care Excellence (NICE), 2013). was a mixed-methods study.
